The seeds of six okra varieties namely Tomi, GB2/04Ab, GB9/04La, GB4/04BB, GB8/04KB and Indiana were analysed for their oil content during fruits maturation. Mature seeds of this vegetable were characterized for their masses, density, physical properties and composition of lipids. The results indicated that lipids increased with maturation process. GB2/04Ab variety had the most elevated lipid level at maturity (22.55 ± 0.15%) and GB4/04BB the least elevated one (13.52 ± 0.08%). Mature seeds had a high density. The iodine value increased from 52.67 ± 1.25 mg I 2 /100 g (Tomi) to 102.17 ± 0.49 mg I 2 /100 g (Indiana). GB2/04Ab had the lowest peroxide value of 2.16 ± 1.92 meq O 2 /kg and Indiana, the lowest saponification value (137.7 ± 2.75 mg/g). The fatty acids identified were capric, lauric, palmitic, myristoleic, stearic, oleic, linoleic and behenic acids. However, saturated fatty acids proportion was more important than unsaturated one varying respectively from 58.07% to 70.96% and from 29.04% to 41.93%. Therefore, okra mature seeds oil is stable to autoxidation.
INTRODUCTION
Okra is a vegetable largely consumed in WestAfrica. In Côte d'Ivoire, the production is around 115.867 tons (Anonyme 2009 ). Two okra species Abelmoschus esculentus (L.) Moench (common okra) and Abelmoschus caillei (A. Chev.) Stevels (West African okra) are cultivated and consumed throughout the year. Okra is primarily grown for its immature pods which are consumed when cooked either alone or in combination with other vegetables (eggplants, tomatoes, onions). Okra fruits provide minerals, vitamins and proteins (Agbo et al., 2008) .
However, several studies have reported that okra is also useful for its seeds. Indeed, in Turkey, the seeds of mature okra are roasted, ground and used as a coffee substitute (Çalişir et al., 2005) . The seed powder has also been used as a substitute for aluminium salts in water purification (Camciuc et al., 1998) . Moreover, okra seeds are a good source of protein and oil. The protein content of okra seed is as high as 45% after extraction of oil (Oyenuga 1968) and the oil appears to be as good as cottonseed oil (Aminigo and Akingbala 2004) . According to Savello et al. (1980) , okra seed oil is rich in unsaturated fatty acids such as linoleic acid which is essential for human nutrition. Although the oil of okra seeds is inherently edible, the seeds are not being processed for oil in Côte d'Ivoire but only for seedling and regeneration purposes. However, okra fruits are consumed with their seeds in fresh or dried form. This study was carried out to evaluate the level of lipids in okra seeds at different maturity stages and to determine the composition of the oil extracted.
MATERIALS AND METHODS

Sampling procedure
Six okra varieties were used for this study:
Tomi, GB2/04Ab, GB9/04La, GB4/04BB, GB8/04KB and Indiana. They were cultivated at the experimental station of the National Agricultural Research Centre (CNRA) at Anguédédou (5.5° North Latitude and 5.5° West Longitude). The crops were arranged in a randomized complete blocks design with 3 repetitions. Seeds were sown in October 2004 and in September 2005 in a soil fertilized with 10-18-18 NPK (250 kg/ha) and plots were irrigated when necessary. Harvests began on average 90 days after sowing. As fruits appear after flowering, the first day of fruits growth was determined at this moment. So, on the crops, fruits were identified and picked according to the age requested (3, 5, 7, 9 and 11 days). For the experiment, two kinds of sample were taken into account. Firstly, seeds of fresh okra fruits aged of 3, 5, 7, 9 and 11 days and secondly, seeds of dried pods of 45 days. For the analysis, fresh seeds were dried in an oven (Selecta Memmert, Germany) at 45 °C ± 2 °C for 24 -36 hours. The mature seeds were also kept in an oven at 45 °C ± 2 °C. Both kinds of seeds were powdered using an electronic DCFH 48 grinder (Stanmore, England) to pass through a 1.5 -mesh. All samples were stored in airtight containers. Before grinding, the mass of 100 dried mature seeds was determined on an electronic balance (Sartorius AG, BP 310S, Germany) to an accuracy of 0.001 g. The density of 100 dried mature seeds was also determined by immersing the seeds in water and removing those that floated. The latter were considered as light seeds. Seeds that sank were then immersed in a 20% sucrose solution. Seeds that floated were considered of medium density and seeds that sank were classified as denser.
Analysis
Lipids were extracted with hexane using a Soxhlet apparatus (Soxtherm automatic Gerhardt SE 3M, Ahrensburg, Denmark) during 6 hours. After extraction of lipids solvent was evaporated on a rotavapor at 45 °C. Lipids of dried mature seeds were subject to the determination of acid value, iodine value, peroxide value and saponification value according to AOAC (2005) respectively # 969.17, # 993.20, # 965.33 and # 920.160 methods. The fatty acid composition of the oil was also determined by gas chromatography (Camciuc et al., 1998) . The oils were converted to methyl esters by treatment firstly with 1N NaOH, for 2 min at 60 °C in Soxhlet apparatus. Then, sulphuric acid (20%, v/v) was added slowly and the solution reheated until becoming translucent. Finally, a solution of methanol -sulphuric acid (10:90, v/v) was added to the translucent solution and the mixture was brought to the boil for 2 hours. For dosage, 1 µl of methyl esters solution was injected into a Hewlett Packard 6890 series Gas Chromatograph system equipped with flame ionization detector under the following conditions: HP -5 capillary column (Cross-linked 5% PH ME Siloxane, 0.32 mm i. d. x 30 m), azote pressure used as vector gas (from 6.9 to 47.6 kPa) and carrier gas flow (hydrogen) at 1 cm 3 /min. The oven temperature was varying from -60 °C to + 325 °C. The injection port temperature was at 275 °C and the detector temperature at 325 °C. Fatty acid esters were identified by comparing their retention time with those of known reference compounds.
Statistical analysis
Results were expressed as mean ± standard deviation of the triplicate assays. Data were analyzed using STATISTICA 99 th edition (Oklahoma, USA). A one-way analysis of variance (ANOVA) was performed and means were separated using a Duncan multiple range test (p = 0.05).
RESULTS
Lipids content of fresh okra seeds according to maturity stage
Lipids levels in the okra seeds increased consistently during fruits maturation ( Table 1) . Seeds of GB4/04BB variety contained the lowest lipids concentration which varied from 1.56 ± 0.06% at 3 days to 10.44 ± 0.14% at 11 days. For the others varieties, the lipids levels ranged, from 3 rd to 11 th days, between 2.5 ± 0.1% and 11.42 ± 0.22% for GB9/04La, between 2.69 ± 0.09% and 12.28 ± 0.28% for Tomi and between 3.06 ± 0.06% and 12 ± 0.6% for Indiana. For GB8/04KB and GB2/04Ab the variations were respectively from 3.73 ± 0.03% to 12.29 ± 0.09% and from 3.80 ± 0.01% to 11.9 ± 0.4%. 
Physical properties of mature okra seeds
The average masses of hundred seeds ranged from 4.7 ± 0.12 g (GB2/04Ab) to 7.38 ± 0.09 g (Indiana) ( Table 2 ). However, masses of Abelmoschus caillei (Tomi, GB2/04Ab, GB9/04La) varieties seeds were the lowest compared to those of Abelmoschus esculentus (GB4/04BB, GB8/04KB, Indiana) varieties. Seeds density of GB2/04Ab, as well as that of Tomi, GB4/04BB and GB8/04KB was higher than that of Indiana. Indeed, respectively 73%, 79%, 83% and 91% of GB2/04Ab, Tomi, GB4/04BB and GB8/04KB seeds have a high density against 12% of Indiana seeds (Figure 1 ). There was a significant difference between all varieties for seeds which had high density. For the medium density, seeds of Tomi, GB4/04BB and GB8/04KB differed to seeds of GB2/04Ab and GB9/04La which also differed to that of Indiana. The most elevated percentage of low density seeds was observed in Indiana and it differed significantly to the other varieties (p < 0.05). So, it seems that the density of commercial variety seeds (Indiana) was lower than that of local varieties.
Characteristic of lipids in okra mature seeds
There were significant differences between lipids levels of okra mature seeds (p < 0.05). At maturity, seeds provided more lipids than during maturation process. Lipids levels of A. esculentus varieties (13.52 ± 0.08% for GB4/04BB, 14.61 ± 0.09% for GB8/04KB and 15.57 ± 0.07% for Indiana) were lower than those of A. caillei varieties (15.79 ± 0.19% for GB9/04La, 16.74 ± 0.06% for Tomi and 22.55 ± 0.15 for GB2/04Ab) (Figure 2) .
The lipids recovered from the seeds of the six okra varieties were examined for their physical constants and other characteristics (Table 3) . GB2/04Ab seeds oil has the highest acid value (125.43 ± 4.18 g/100 g) and Indiana, the lowest one (11.44 ± 4.04 g/100 g). However, results from the acid value showed no significant difference between GB8/04KB, Indiana and Tomi (p > 0.05). The Indiana sample had the highest iodine value (102.17 ± 0.49 mg I 2 /100 g), as compared to those of GB9/04La (95.24 ± 1.56 mg I 2 /100 g), GB8/04KB (94.6 ± 0.92 mg I 2 /100 g) and GB4/04BB (89.7 ± 0.92 mg I 2 /100 g), whilst those of Tomi (52.67 ± 1.25 mg I 2 /100 g) and GB2/04Ab (59.5 ± 1.35 mg I 2 /100 g) had the minimum iodine values. In addition, GB2/04Ab had the lowest peroxide value of 2.16 ± 1.92 meq O 2 /kg and Indiana, the lowest saponification value (137.7 ± 2.75 mg/g). The fatty acids composition of okra mature seeds were identified and shown (Figure 3) . Nine of them were detected in GB8/04KB, GB4/04BB, GB2/04Ab and Indiana against seven in Tomi and GB9/04La.
The fatty acids detected in all varieties were palmitic acid, stearic acid, oleic acid and linoleic acid. Besides the common fatty acids, capric acid, lauric acid and myristoleic acid were also identified. Behenic acid was identified only in GB8/04KB. Palmitic acid is the major saturated fatty acid and among the unsaturated fatty acids, oleic acid was higher than linoleic acid. Moreover, in okra mature seeds lipid, there were more saturated fatty acids than unsaturated one, varying respectively from 58.07% to 70.96% and from 29.04% to 41.93%. The ratio of linoleic acid to oleic acid goes from 0.12 to 0.17 (Table 4) .
DISCUSSION
The increasing of lipids level with maturation of the okra seeds could be due to growth factors. In small fruits, they favour mucilage, sugars and proteins accumulation (Camciuc et al., 1998) . But, with ripening, there is a loss of these nutrients and an activation of lipids synthesis which is a b c d e f (Longe et al., 1982) . Moreover, Balasubramanian and Sadasivan (1987) have showed that lipids accumulation begins from 7 th maturity day (0.4%) to 42 nd day (15.6%).
The difference of masses between A. caillei varieties and A. esculentus varieties was also revealed by Martin et al. (1983) who indicated a mean weight of 5.2 g for A. caillei and 6.4 g for A. esculentus. Lipids properties analysis showed that iodine values of our studied varieties were relatively lower than those indicated by Pham et al. (2003) instead of peroxide value of oil which was generally high. But, a lower peroxide value was an indicator for a best quality of the oil.
Palmitic acid level of GB8/04KB and Indiana were similar to that indicated by Pham et al. (2003) to be 32.23%. But linoleic acid level was less important than that reported by the same authors. Okra mature seeds oil could be characterized by its high degree of saturated fatty acids which make it stable oil against autoxidation. This was confirmed by the fact that iodine value and linoleic acid to oleic acid ratio were low because of the low degree of unsaturation (Sujatha et al., 1986) . However, this result was in contradiction with that of Berry et al. (1988) . So, okra mature seeds lipid is stable and the high proportion of saturated acid, particularly palmitic acid, is greatest to improve the quality of some oils, such as soybean oil, which has limitations as a shortening as it only contains around 11% palmitic acid (Camciuc et al., 1998) .
Conclusion
This study revealed that lipids increased with fruits maturation. In general, okra mature seeds have a high density and provide an important oil percentage, and the levels are for a green vegetable. However, this oil is characterized by its saturated fatty acids which were found to be higher in the seeds than the unsaturated. So, okra seeds lipids could not be processed for use as oil like grape seeds oil. Although okra mature seeds oil contains a less proportion of essential fatty acids, it is stable, could contribute to human metabolism and the fatty acids identified are useful for the fruit growth.
